Synthesis of a series of fourteen novel 2,2',4',5'-tetra-substituted-1,2,2',4'-tetrahydro-4H-spiro[isoquinoline-3,3'-pyrazol]-4-ones was accomplished in good yield by regio and steroselective 1,3-dipolar cycloaddition of α-chloro-aryliden-phenylhydrazones with (3Z)-3-(arylidene)-2-phenyl-2,3-dihydroisoquinolin-4(1H)-ones 4-8 with dipolarophiles [(3Z)-2-phenyl-3-(p-R 1 -phenyl)-2,3-dihydroisoquinolin-4(1H)-ones] 1-3. The structure of the isolated products 9-22 was established through different spectroscopic techniques. X-ray crystal structure analysis of one of the products confirms the structure and the selective region and stereochemistry of this cycloaddition. Their antitubercular activity is evaluated.
Introduction
The spiroisoxazolines derivatives have emerged in recent years as candidates for drugs due to their herbicidal, plant-growth regulatory and antitumor activity. 1, 2 We have recently investigated the antitubercular and anti-breast cancer activity of some spiroisoxazolines derivatives. 3, 4 With other kind of drugs we had also performed antimicrobial screening of imidazo[1,2-a]pyrimidine derivatives. We had shown that compounds bearing a formyl, hydroxyl or nitroso side chains in 3-position are highly active as antitubercular (MIC<6.25 µg/mL; 98% Inhib.) 5 and antibacterial agents (Gram+ and Gram-). 6 General structure/activity relationship observations allowed us to suggest that functionalized side chain(s) In our earlier studies of the 1,3-dipolar cycloaddition field, we had investigated the reaction of diarylnitrilimines with endocyclic dipolarophiles such as dihydroquinoleine, 7 indene 8 or 3-methoxycarbonyl-4H-1-benzopyran-4-one. 9 We also studied the regio and stereochemistry of the reaction of diarylnitrilimines with the 2-arylidene-indan-1-ones, 10 3-arylidene-tetraline-4-ones, 11, 12 3-arylidene-isothiochroman-4-ones 13 and recently the 3-toluidene-2,3-dihydro-4(1H)-isoquinolone with exocyclic dipolarophile groups. 14 In our ongoing programme, we report efficient and short synthesis of new spiroheterocycles in good yields from 1,3-dipolar cycloaddition of dipolarophiles with the appropriate α-chloroaryliden-phenylhydrazones. The pharmacological investigations as antitubercular activity are also discussed.
were prepared from para-substituted benzaldehydes, and 2-phenyl-2,3-dihydroisoquinolin-4(1H)-one as reactants. 15 The cycloadditions of the dipolarophiles 1-3 with the α-chloro-aryliden-phenylhydrazones 4-8 were completely regioselective and stereoselective, to the extent that no other cycloadducts were detected in NMR spectra of the crude product mixtures. This may be attributed to steric effects controlling the reactions, such that the nitrogen of NH group of the compounds 4-8 becomes bonded to the most substituted olefinic carbon of the dipolarophile 1-3. Good yields of the spiroheterocycles 9-22 were obtained (50-85%) as shown in Scheme 1. The cycloaddition could also taken place in toluene and triethylamine. All compounds were characterized using 1 H and 13 C NMR data's which are in agreement with previously reported similar compounds. 13, 16 The selective NMR data are regrouped in Tables 1 and 2 .
Following the ORTEP of compound 19, 17 it appears that the privileged approach of dipolar reagent 4-8 taken place with inverted regiochemistry to that obtained with chromanone exodipolarophile derivatives. Table 2 . Selected 13 C NMR data of compounds 9-22
(-CH-) 
Antimycobacterial activity
The antimycobacterial activity of the compounds was determined with the objective to identify the compounds having inhibitory activity against M. tuberculosis. Interesting results were obtained from these assays and data is reported in Table 3 . The in vitro antimycobacterial activities of these compounds 9-22 were inferior to that of Isoniazid against M. tuberculosis H 37 Rv. Further, the compounds 9-22 had either little or no activity (17-67%inhibition). However, none of the compounds showed activity against M. tuberculosis H 37 Rv suggesting that compounds possess no specific anti tuberculosis activity. This could be probably due to their low absorption (MIC >6.25 µg/mL) and no activity against M. tuberculosis may be because of absence of binding antitubercular agent adequate properties.
Structure activity relationship
The antimycobacterial activity data in Table 3 clearly show that the compounds 9-22 having a aryl substituent in N(2) and C (1) (19) with the atom-numbering scheme.
The replacement of the nitro substituent (R2) by a methyl or a methoxy group in phenyl ring of C(1) position, as in 19 and 20, respectively, caused a reduction of activity. Curiously, 1-pmethylphenyl-, and 2-p-nitrophenyl-substitution as in 17 [(R1,R2) = (CH 3 ,NO 2 )], abolished any activity indicating that not only specific electronic but also steric requirements are needed for activity. This suggests that a bulky group or disubstitution on the N(1) and C(1) positions are not favourable for antimycobacterial activity.
Conclusions
In this paper we report efficient and short synthesis of the spiroheterocycles 9-22 in good yields from 1,3-dipolar cycloaddition of dipolarophiles (1-3) with the appropriate α-chloro-arylidenphenylhydrazones (4-8). The more interesting result which could be emphasised is the inverted regio and stereochemistry of spirane ring formation in contrast with the result obtained in the litterature with chromanone. This is likely due to the presence of the neighboring N-aryl group. Due to the presence of rigid O=C-C-N-N pharmacophore, antitumorale and anti-HIV screening studies are in progress at National Cancer Institute (NCI) in order to elucidate the structure/activity relationships. 
Experimental Section
General Procedures. Melting points are measured on banc KOFLER without corrections. NMR spectra ( 1 H, 13 C) were recorded on a Bruker Avance (operating at 300 MHz). NMR data are listed in ppm and are reported relative to tetramethylsilane; residual solvent peaks being used as internal standard with external calibration. Infra-red spectra were recorded in KBr pellets using a Perkin-Elmer 1600 FT-IR spectrometer. Mass spectra were recorded on a Hewlett-Packard 5989A Mass Spectrometer (70 eV) Nermag R 1010-C electronic impact and elemental analysis (CNRS, Université Paul Sabatier and Toulouse, France).
Antitubercular activity
Primary screening was conducted at 6.25 µg mL -1 against M. tuberculosis H 37 Rv (ATCC 27294) in BACTEC 12B medium using a broth microdilution assay, the Microplate Alamar Blue Assay (MABA). 20 Compounds exhibiting fluorescence were tested in the BACTEC 460 radiometric system. Compounds demonstrating at least 90% inhibition in the primary screen were retested at lower concentrations against M. tuberculosis H 37 Rv to determine the MIC using MABA. The MIC is defined as the lowest concentration effecting a reduction in fluorescence of 99% relative to controls.
20
General procedure of the preparation of spiroheterocycles 9-22 A mixture of a dipolarophile (1-3; 11 mmol) and α-chloro-aryliden-phenylhydrazone (4-8; 12 mmol) was stirred in dry toluene (20 ml) at refluxed toluene, under nitrogen atmosphere. To this mixture was added 3 ml of triethylamine dropways over 15 min. The mixture was stirred 24-48 h until TLC indicated complete disappearance of reactants. After cooling, 20 ml of toluene was added and the chloro-triethyl-ammonium salt was eliminated by filtration. The compounds 9-22 were obtained after evaporation and crystallisation in ethanol. 
2,2'-Diphenyl-4'(4-methyl-phenyl)-5'(4-methoxy-phenyl)-1,2,2',4'-tetrahydro-4H-spiro [isoquinoline-3,3'-pyrazol]-4-one (15

